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FOREWORD This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Hydraulic Gates and Valves Sectional Committee had been approved by the River Valley Division Council. Hydraulic hoists are used for operating various types of gates and valves installed in hydraulic structures. It is important to ensure that these hoists work smoothly and efficiently so that the gates and valves may be operated flawlessly at critical operation time. This standard, provides guidance for design of hydraulic hoists and their components for some common types of gates. This standard was first published in 1982. This revision has been prepared in the light of the experience gained during the last 10 years in the use of this standard. The salient features of this revision are given below: a) It was felt that cylinder need not be designed for l-25 times design pressure. b) Grade of corrosion c) In Table 1 Synthetic resistant steel has been specified. PTFE is included for materials of piston rings.

rl\ A new Pate has he~~ add_&. 5) nf -_ nenstock =_____---- o_`__ -, ._ _._ .. clause ---- -- on !iftin~
For the purpose of deciding whether a particular requirement of this standard final value, observed or calculated, expressing the result of a test or analysis, accordance with IS 2 : 1960 `Rules for rounding off numerical values ( revised )`. ficant places retained in the rounded off value should be the same as that of the standard.

is complied with, the shall be rounded oflin The number of signispecified value in this
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Indian Standard CRITERIA FOR DESIGN OF HYDRAULIC t~Afc-+rl'~ m7nn 0 A~T!CI nvm I 3 rws un,u23
( First
1 SCOPE 1.1 This standard lays down the criteria for design of hydraulic hoists used for operation of hydraulic gates. 2 REFERENCES 2.1 The Indian Standards listed in Amtex Aare necessary adjuncts to this standard. 3 GENERAL 3.1 A hydraulic hoist consists of a cylinder with upper and lower cylinder head, piston and stem passing through a packing in the lower cylinder head. The hnictr or,= nnprotprl II mn+n+ rrnrl n;l ~lrnnne_ YVl"IYI.`_ "r,.,&U.`Y h\l "J u LLl"..".UL... "Xl n,,.,,n r,""`r, "LL"`,6Y ment with the directional control by valves which are actuated by electric contacts from any desired position. Wherever necessary, diesel/manual drive for oil pump may also be provided. 3.2 The typical general arrangement of hydraulic hoists for some common types of gates are shown in Fig. 1 to Fig. 6. 4 CHOICE OF HYDRAULIC HOIST ._-_ ^.. 4.1 `l`hc totlowing factors generally govern the choice of hydraulic hoists: a) b) c) d) e) High capacity and low travel, Larger range of hoisting/lowering speed, Limited space availability, Dampening of vibrations of gates, and Requirement of positive thrust. CAPACITY

Revision )
d) Any hydrodynamic load like hydraulic downpull/uplift. e) Silt and ice load, wherever encountered. f) Seating load as given below: Minimum Seating Type of Gate Load 2.5 kN/m length of Low head fixed~wheel gate gates or radial gates for spillway crest 5.0 kN/m length of Medium head gates gate 10.0 kN/m length of High head sluice gates gate High head radial~gates g) Any other consideration specific to a particular site. 5.2 The worst combination of the above~forces during either lowering or raising cycle should be considered. 5.3 The hoist capacity arrived at in accordance with 5.2 should be increased by at least 20 percent as reserve. 6 MATERIAL AND DESIGN STRESSES 6.1 The recommended materials and design stresses for various components of hydraulic hoist should be as given in Table 1. Where no material has been specified, the best material available for the purpose, conforming to the relevant Indian Standard should be used. 7 DESIGN PRESSURE 7.1 A maximum design pressure 20 N/mm2 may be considered in the design. 8 DESIGN 8.1 Cylinder OF HOIST COMPONENTS

5 HOIST

5.1 The capacity of the hoist should be based on the algebraic sum of the following:

a)

All weights consisting of: 8.1.1 Operating Pressure 1) gate leaf along with its components includThe operating oil pressure in the hydraulic cylinder ing ballast, if any; and should bc taken as desipn in 7, .. .. . r:.., y"`w .."..+.- \,I ,.F LIVIDI. L-:-t I,hC ,:,r- ,,,Ic;L,IIc."lnL~ :,r,,...,,,:,*, ___ ar~mrdanre ..---_--__-D" oressure r------L., . llt""lllg with 7.1. stems, gate stem, piston, etc. Water load on gate components including buoyancy, wherever necessary. All frictional forces comprising 0E 1) wheel/sliding friction; 2) guide friction; 3) trumtion friction, if hoist is used for radial gates; 4) seal friction including bearing pad friction in case of slide gates; and friction of moving parts of hoist. 5) 8.1.2 Design Procedure The design of cylinder and cylinder flanges may be carried out according to the procedure given in IS 2825 : 1969. The additional force due to fixity of the cylinder should also be considered. 8.2 Cylinder Head 8.2.1 The cylinder head should be designed as a thick flat plate, held down at the outer perimeter, in accordance with IS 2825 : 1969. In calculation, the extra strength due to the shape of the head may be neglected.

b) 4
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Table j Materialsand DesignStnsws for the Contponents of HydraulicHoist (Clause6.1)
S1 Nss. t'omponesrl

Part

Recommended Material (3)

Referemx

Specifiitioss

Aftuwable

Design Stress (5)

(1) 4

(2) support frsme

(4) Is 226: 197s Is 808: 1%4 IS 2062:1980 IS 851Xt :1977 IS 1030:1982 ts 2002:1982 1S:2041-1982 IS 2004:1978
IS 2002:1982 Is 2062:1992

Stmetural steel

0.5 YP

Csat steel
Cylinder a) Plate steel b) Carbon steel

0.55 YP 0.30 YP

forging
iii)

Upperandlower cylinder bead

a) Stfuclural steel
Cast h) steel

0.25 W 0.40 YP 0.25 YP 025m 0.30 YP

w

P&ton

stern

a) COrmsion

steel b) Forged steel
resistant

v)

Pistosr

a) Cast steel b) Forgedsteel c) Grey iron casting a) Bronze b) Grey iron casting c) S yntbetic PTFE
(hrrnsion resistant

vi)

P=tors ring

Is 1030:1974 1S 157NPart 5) :1985 18% Cr'minim'um Is 2004:1978 1S1030:1989 Is .mo4 :1978 IS 210:1978 IS 318: 1%2 IS 210:1978
IS 1570 (Part5): 1985 (18% tnirshnum Chromium) IS 6911: 197'.?

vii)

Ckwis pin

viii)

Gtartd, Avis

busbirsg

Cast manganese bmtw

0.30YP IS 1367:1967

ix)

Skids and bolts

Sytrtfreric PTEF Mitd steel"

&2.1.l The cylinder head t trickness should be tomptttett as below: a) Cylinder head (circular flat @ate without hoie

radial stress at surface of plate, t = thickness of plate in cm,
r =

w = p=sure in N/m@. The greater of the two stresses should be used to
detet%ine the thicknvss of cylinder head. 8.2.2 When bonnet cover is provided to work as one of the cylinder heads it should be designed in accordawe ~tih ~~ 9349: ~979 8.3 Stems 8.3.1 Piston Stem The piston stem should be of solid or hollow construction and if made of forged steel should be hard chromium plated to at least 0.05 mm thickness with stress limited to 0.4 of yield point at pressure setting of pump relief valve. In the case of double acting hoist the stem is to be checked for buckling. 8.4 Couplings 8.4.1 The couplings (see Fig. 7) for connecting the stems between the gate and hoist may be any of the following types depending upon suitability: a) Clevis type o~coupling-- The male and female parts of clevis should be connected by steel pin. The pin should be designed against shear, bending and bearing. Adequate width of clevis should be kept so that the stresses in the jaws do not exeeed the permissible bearing stresses;

at its eerttre)
A40X Ur=h'fOXUt=

.
3wtz'(rn+l) 8 nlt'2

b) Cylinder head(circular flat plate without hoIe at its centre)at outer edge MU b4(m-1) Ur = ~ [a2 - 2bz] + log b+a2b2(m+ 1)

-4 b4a(m+l)

a2(m-l)+b2(m+l) at inner edge Max a,= 3W (m2 - 1) 4 m~ [ a4 - b4 -4 a2 b2 log a/b a2(m-l)+b2(m+l) 1

where a = outer radius in cm, b = inner radius in cm, m = reciprocal of Poisson's ratio, 0, = tangential stress at surface of plate,

2
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FIG. 1 TYPICAL ARRANGEMENT OF HYDRAKJUC HOW FOR AN INTAKE GATS

b) Splitcollar type coupling-This coupling which is more convenient to assemble and disassemble, can be used for vertical stem gates and for gates on slopes of more than about 15" with vertical, when aligned and supported on carriage brackets having wheels which mn on track, and c) Hook and eye type coupling - This type of coupling is suitable for gate on'slopes of about lS" with vertical. This is similar to Clevis type of coupling except tp addition of skid pads on

the loop of the hook to provide an easy method of holding the stem for alignment on the slope. The smooth concrete surface on the face of the structure can provide an adequate bearing surface for the pads. 8.5 Piston 85.1 The piston should be designed for operating pressure. The steel piston should be provided with a suitable protection so that the finished piston may not affect the smooth cylinder walls.
3
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8.6 Piston Rings and Packings
8.6.1 The piston should be fitted with hydraulic

type piston rings and also with a stuffing box having V-packing rings or other approved equivalent. These packing rings should eliminate leakage past the piston and permit holding of the piston in any position for long periods of time when outflow of oil from below the piston is blocked. The piston rings serve as a reserve seal in case of packing damage. 8.6.2 Repacking the piston with packing rings should require only the removal of upper cylinder head for access and not of the hoist. 8.7 Seals aud Packings 8.7.1 For static seals, O-rings should be used and for scaling the moving parts V-type or other approved packings should be used. If required a wiper scraper may be provided to remove foreign matter from stems 6

exposed to water to prevent damage to the packing as the stem enters the cylinder. 8.7.2 In case of double acting cylinders the sealing arrangement should be provided 0~ the either side of the piston. 8.8 Hanger Stud The hanger stud if provided should have its upper and screwed into and locked with the hanger nut'while its lower end should be screwed into and locked with the piston. The hanger stud in its minimum cross-section should have sufficient strength to hold the load of the piston, piston stem and the gate. It should be designed to give way at its minimum cross-section, in case of an emergency, when lowering cycle under pressure is initiated without disengaging the hanger studs from the piston. Alternatively, hydraulically operated hanger stud may be provided.
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Gate Position

Indicator

to show the position travel should be provided. 8.10 Test Pressure

Au indicator

of gate in its full

The hoist cylinder, cylinder heads, pistons appurtenant piping, valve other parts and controls subjected to oil pre.ssure should be tested at 150 percent of the operating pressure for a period not less than 30 min. 9 FABRICXI'ION 9.1 The hoist cylinder should be composed of flanges of weldable forged steel; shell of pierced, rolled steel forging or :I Ilat steel plate formed to cylindrical shape; joined IO each other with not more than two lon-

gitudinal welds. If the cylinder is forged, the flanges should be forged as integral parts of the cylinder; otherwise the flanges of the cylinder should be butt welded to the cylinder shell. In either case,~the cylinder should be amtealed and stressed/relieved before machining. The interior surface of the cylinder should be ground, honed and polished. The ends of cylinders should be provided with proper chamfers for convenient insertion of the piston. All butt welds in the cylinder and cylinder heads should be tested for full strength by 100 percent radiographic examination. 9.2 As far as possible the entire cylinder shell should be in single piece. 9.3 The cylinder of 1.6 microns. 7 bore should be honed to a finish

IS 10210 : 1993 10 HYDHAlJLK 10.1 Cutuponeuts OPERATING SYSTEM System

of Hydraulic-Electrical

The hydraulic-electrical operafing system should consist ot- the following basic components: a> b) Filter and strainers; c> Pumps with motors and starting equipment; d) Control valves which are manua,lly, electrically, or hydraulically opcratcd; e> Pressure relief valve; f) Piping; g> Pressure gauge; h) Pressure switches; j> Push bottom, relays, and other electrical equipment for ilctltating and controlling the systcui; il nd k) Stand-by punq) ilUd driving device as necessary. 10.1.1 Electric circuit should have the provision to take gate owing to oil leakages at the cylinder inside seal or at the hydraulic control equipment, down to a predetermined position should he restored to its fully open position. Provision of audio and visual alarm in the restoring circuit should also be made. 10.1.2 Figure 8 shows the schematic arrangement of a typical hydraulic hoist system which can be adopted for opersling penstock gates. The working of the system is given in Anucx B. 10.1.3 Whcu cold temperature are to be encountered, the hoist and components should beprotected by heated cnclosurcs.
care of the creep ofthe

ing. It should be provided with a filler cap, strainer and transparent gauge to indicate the level of oil in the tank. The filler cap should be a combination of air vent, dust screen and air filter. 10.3 Filters Tank should be provided with screened filters. A filter with a screen not coarser than 150 microns should be provided in the pump suction line. A pressure filter should be provided in the return line to remove particles above IO niicron size.
10.4 Pumps and Motors 10.4.1 Two motor driven oil pumps should be provided

for the operating systcrn to ensure the operation of gate or valve, in case one motor-pump unit fails. The pumps should be vane/gear piston type. 10.4.2 The motor should conform to specified horse power, speed. It should bc totally enclosed, flame proof, air cooled, direct driven with normal starting torque and low starting current, continuous rating, three phase squirrel cage induction type. The starter winding should have insulation specklly treated to withstand wet and humid conditious, and should be suitable for the required altitude.
10.5 Valves, Pressum Gauge and Pressure Switches

The system should be provided with valves, pressure gauges and pressure switches as required to have an efficient and controlled working. These should conform to available Indian Standards.
10.6 Piping 10.6.1 Welded construction using socket welding fittings, O-ring flange type unions, and heavy walled tubing should be used for high pressure piping above 20 nm in size. For smaller sizes standard hydraulic iubing and O-ring type connectors should be used. Cold-drawn seamless tubing should be used for fabricating socket-welded piping.

10.2 Oil Tauk 10.2.1 Oil tanks should have storage capcityconsidering the following: evacuated Oil rully from oue gate cylinder/cylinders at a time; Displacement of oil due to piston stem of all the hoists; 200 litrcs of spare oil or voh~n~c of one cylinder whichever is less; and Free air spare equivalent in volume to 200 litres of oil or volume of one cylinder, whichever is less. Additional capacity should also be provided for the volumetric displaccme.nl of hoist stem aud for temperaturc produced voluu~c chauges. In case a central oil tauk is provided for all the gates at an installation, the capacity of oil tank should be sufficient to meet the above requirements, with each requirement being met independently. 10.2.2 Oil tauk should be properly painted to ensure cleanliness and to avoid rusting. The tanks should be provided with breather openings. Provision should also be made to draiu water accumulations from the lower points in the oil tank and hoist cylinder, It should be of robust steel construction and suitable for floor mount8

10.6.2 The piping joints should be perfectly oil tight. The pipe tines should also have suitable bleeding arrauge111ent.

10.6.3 Hydraulic control cabinet should be provided for mounting hydraulic control components. The cabinet should be suitably located depending upon operating conditions.

10.7 Electrical
10.7.1 starters,

Co&ol

Equipment

control equipment, such as motor which may be susceptible to arcing should be physically separated in control cabinets from the hydraulic system and should be mounted in a separate compartment to avoid fire hazards. A 75 to 100 watt strip healer should be provided in the electrical compartment of the cabinet IO prevent condensation of moisture on the electrical equipeineut.
relays, aud breakers

Electrical

10.7.2 The electrical control equipuicut should cousist of all or any of the items like control transformers, niiuiature circuit breaker, H.R.C. fuses, control relays, selector switches, control switches, limit switches,

